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(57) ABSTRACT 

A wavelength division multiplex optical star coupler com- 
prises an input port which inputs a first optical signal, a first 
optical coupler which divides the first optical signal input 
from the input port into a plurality of first optical signals, a 
plurality of input/output ports, each of which outputs one of 
the plurality of first optical signals divided by the first optical 
coupler and inputs a second optical signal, an output port 
which outputs the second optical signal, and a second optical 
coupler, provided between the input port and the first optical 
coupler or between the first optical coupler and the input/ 
output ports, which provides the first optical signal to the 
input/output ports and the second optical signal to the output 
port. 
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WAVELENGTH DIVISION MULTIPLEX OPTICAL 
STAR COUPLER, COMMUNICATION STATION, 
AND OPTICAL TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of Invention 

[0002] The present invention relates to a wavelength divi- 
sion multiplex optical star coupler, a communication station, 
and an optical transmission system. In particular, the present 
invention relates to an optical transmission system that uses 
a wavelength division multiplex optical star coupler which 
combines an optical star coupler and a wavelength division 
multiplex optical coupler. 

[0003] 2. Description of Related Art 

[0004] An optical fiber communication using an optical 
fiber as a light propagation line will be described as a 
conventional art. Usually, an optical star coupler of 1 to n 
branching is used for dividing an optical signal, which is 
generated from one source, into a plurality of signals. Here, 
n is an integer more than 2. It is possible to transmit the same 
optical signal to a plurality of multiple destinations by the 
optical star coupler. An optical fiber fusion type and an 
optical waveguide type are mainly used for the optical star 
coupler. The optical star coupler is not only used for 
distributing the light, but also used as a light multiplexer 
which multiplexes the optical signal output from different 
light sources because the optical star coupler usually works 
bidirectionally. 

[0005] One of methods to use a single optical fiber effi- 
ciently is a wavelength division multiplex method that 
utilizes different wavelengths of the optical signals. 
Recently, a wavelength division multiplex optical coupler is 
used for multiplexing or de -multiplexing the optical sig- 
nalshaving different wavelengths in the wavelength division 
multiplex method. 

[0006] FIG. 1 shows a conventional wavelength division 
multiplex optical coupler. The wavelength division multi- 
plex optical coupler 10 is basically the same as a 1 to 2 
optical de-multiplexer or multiplexer. One side of the wave- 
length division multiplex optical coupler 10 is connected to 
a port P20, which can input and output the first optical signal 
XI and the second optical signal X2. The other side of the 
wavelength division multiplex optical coupler 10 is con- 
nected to a port P22, which can input and output only the 
first optical signal XI, and a port P24, which can input and 
output only the second optical signal X2. 

[0007] The first optical signal XI and the second optical 
signal X2 have different wavelengths with each other. The 
first optical signal XI input from the port P20 is output to the 
port P22, and the second optical signal X2 input from the 
port P20 is output to the port P24. The first optical signal XI 
input from the port P22 and the second optical signal X2 
input from the port P24 are output to the port P20. The 
ordinary wavelength division multiplex optical coupler is 
described in Japanese Patent Application Laid -Open No. 
H10-173265. 

[0008] FIG. 2 shows a one-way direction wavelength 
division multiplex optical communication realized by the 
wavelength division multiplex method. One side of the 
wavelength division multiplex optical coupler 10 is con- 



nected to a port P26, which can input only the first optical 
signal XI, and a port P28, which can input only the second 
optical signal X2. The other side of the wavelength division 
multiplex optical coupler 10 is connected to the port P30, 
which can input the first optical signal XI and the second 
optical signal X2. The first optical signal XI input from the 
port P26 and the second optical signal X2 input from the port 
P28 are output to the port 30 through the wavelength 
division multiplex optical coupler 10. The direction of the 
communication is one-way from the port P26 and the port 
P28 to the port 30. 

[0009] FIG. 3 shows a two-way direction wavelength 
division multiplex optical communication realized by the 
wavelength division multiplex method. One side of a wave- 
length division multiplex optical coupler 10a is connected to 
a port P32, which can input only the first optical signal XI, 
and a port P34, which can output only the second optical 
signal X2. The other side of the wavelength division multi- 
plex optical coupler 10a is connected to a wavelength 
division multiplex optical coupler 10b. 

[0010] One side of the wavelength division multiplex 
optical coupler 10b is connected to a port P36, which can 
input only the second optical signal X2, and a port P38 , 
which can output only the first optical signal XI. The other 
side of the wavelength division multiplex optical coupler 
10b is connected to the wavelength division multiplex 
optical coupler 10a. The wavelength division multiplex 
optical coupler 10a and 10b are connected by a single optical 
fiber. 

[0011] The first optical signal XI input from the port P32 
is output to the port P38 through the wavelength division 
multiplex optical couplers 10a and 10b. The second optical 
signal X2 input from the port P36 is output to the port P34 
through the wavelength division multiplex optical couplers 
10a and 10b. The direction of the communication is bidi- 
rection from the port P32 to the port P38 and from the port 
P36 to the port P34. 

[0012] Therefore, the optical communication that trans- 
mits an optical signal from one light source, such as a main 
unit, to a plurality of receiving terminals, such as sub units, 
and transmits the optical signals from the sub units to the 
main unit become possible by using the wavelength division 
multiplex optical coupler 10. 

[0013] However, because the optical parts such as a star 
coupler and a wavelength division multiplex optical coupler 
use an optical fiber for the input/output, radiation loss will 
occur when bending the optical fiber. In the case of a quarts 
single mode fiber, the optical fiber has to be bent more than 
30 mm of radius of curvature. Furthermore, there is the 
possibility of the breaking an optical fiber in the case of 
using the optical fiber strand with 250 fim of outward 
diameter to save the space for wiring. In the case of using a 
code with 2 mm to 3 nam of outward diameter to protect the 
optical fiber, the wiring space will increase because the 
outward diameter of the code is larger than the outward 
diameter of the optical fiber strand. Especially, as the num- 
ber of branching of an optical star coupler is larger, the 
wiring space has to be larger. Therefore, the conventional art 
requires the work of packing the optical fiber without 
breaking it by considering the radius of curvature of the 
optical fiber. 
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SUMMARY OF THE INVENTION 

[0014] As stated, it is an object of the present invention to 
provide a wavelength division multiplex optical star coupler 
that is capable of solving the problems described above. 
Also, it is an object of the present invention to provide a 
communication station and optical transmitting system 
using the wavelength division multiplex optical star coupler. 
The object of the present invention can be achieved by the 
combinations of features described in the independent 
claims of the present invention. The dependent claims of the 
present invention define further advantageous embodiments 
of the present invention 

[0015] According to the first aspect of the present inven- 
tion, a wavelength division multiplex optical star coupler 
can be provided which comprises an input port which inputs 
a first optical signal, a first optical coupler which divides the 
first optical signal input from the input port into a plurality 
of first optical signals, a plurality of input/output ports, each 
of which outputs one of the plurality of first optical signals 
divided by the first optical coupler and inputs a second 
optical signal, an output port which outputs the second 
optical signal, and a second optical coupler, provided 
between the input port and the first optical coupler or 
between the first optical coupler and the input/output ports, 
which provides the first optical signal to the input/output 
ports and the second optical signal to the output port. 

[0016] A wavelength division multiplex optical star cou- 
pler can be provided which further has a plurality of the 
output ports and a plurality of the second optical couplers, 
each of which is provided between the first optical coupler 
and one of the input/output ports. A wavelength division 
multiplex optical star coupler can be provided such that each 
of the second optical couplers provides one of the second 
optical signals to one of the plurality of output ports and 
each of the plurality of output ports outputs one of the 
second optical signals. 

[0017] A wavelength division multiplex optical star cou- 
pler can be provided such that the second optical coupler is 
provided between the input port and the first optical coupler, 
and the first optical coupler further multiplexes a plurality of 
the second optical signals and provides the second optical 
signal to the second optical coupler, and the second optical 
coupler provides the first optical signal input from the input 
port to the first optical coupler and provides the second 
optical signal multiplexed by the first optical coupler to the 
output port. 

[0018] A wavelength division multiplex optical star cou- 
pler can be provided such that the second optical coupler is 
a wavelength division multiplex optical coupler that selects 
an optical signal, a wavelength of which has a prescribed 
relationship with a wavelength of the second optical signal, 
from optical signals input to the second optical coupler and 
outputs the selected optical signal to the output port. 

[0019] A wavelength division multiplex optical star cou- 
pler can be provided such that each of the input port, the 
input/output port, and the output port has an optical con- 
nector adapter that mounts an optical fiber in such a way as 
capable of attaching and removing the optical fiber. 

[0020] According to the other aspect of the present inven- 
tion, a communication station can be provided which com- 
prises an electro-optical converter which inputs an electric 



signal and converts the electric signal to a first optical signal, 
a first optical coupler which divides the first optical signal 
into a plurality of first optical signals, a plurality of input/ 
output ports, each of which outputs one of the plurality of 
first optical signals divided by the first optical coupler and 
inputs a second optical signal, an output port which outputs 
the second optical signal, a second optical coupler, provided 
between the electro-optical converter and the first optical 
coupler or between the first optical coupler and the input/ 
output ports, which provides the first optical signal to the 
input/output ports and the second optical signal to the output 
port, an opto-electric converter which converts the second 
optical signal output from the output port to a second electric 
signal, and an electric signal output terminal which outputs 
the second electric signal. 

[0021] A communication station can be provided which 
further has a plurality of the output ports, a plurality of the 
second optical couplers, each of which is provided between 
the first optical coupler and one of the input/output ports, a 
plurality of the opto-electric converters, each of which is 
provided for one of a plurality of the output ports, and an 
electric signal multiplexer which multiplexes a plurality of 
the second electric signals output from a plurality of the 
opto-electric converters and outputs the multiplexed second 
electric signal to the electric signal output terminal. 

[0022] A communication station can be provided such that 
each of the second optical couplers provides one of the 
second optical signals to one of the plurality of output ports, 
each of the plurality of output ports outputs one of the 
second optical signals, and each of the plurality of opto- 
electric converters converts one of the second optical signals 
to the second electric signal. 

[0023] A communication station can be provided such that 
the second optical coupler is provided between the electro- 
optical converter and the first optical coupler, the first optical 
coupler further multiplexes a plurality of the second optical 
signals and provides the second optical signal to the second 
optical coupler, and the second optical coupler provides the 
first optical signal input from the electro -optica I converter to 
the first optical coupler and provides the second optical 
signal multiplexed by the first optical coupler to the output 
port. 

[0024] A communication station can be provided such that 
the second optical coupler is a wavelength division multi- 
plex optical coupler that selects an optical signal, a wave- 
length of which has a prescribed relationship with a wave- 
length of the second optical signal, from optical signals input 
to the second optical coupler and outputs the selected optical 
signal to the output port. 

[0025] A communication station can be provided such that 
each of the input/output port and the output port has an 
optical connector adapter that mounts an optical fiber in such 
a way as capable of attaching and removing the optical fiber. 

[0026] According to the still other aspect of the present 
invention, an optical transmission system can be provided 
which comprises a main unit which inputs a first electric 
signal and outputs a plurality of first optical signals, and 
inputs a second optical signal and outputs a second electric 
signal, a plurality of sub units, each of which inputs one of 
the plurality of first optical signals from the main unit and 
outputs a third electric signal, and inputs a fourth electric 
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signal and provides the second optical signal to the main 
unit; and a plurality of optical fibers, each of which connects 
the main unit and the plurality of sub units. 

[0027] An optical transmission system can be provided 
such that the main unit has an electro-optical converter 
which inputs the first electric signal and converts the first 
electric signal to a first optical signal, a first optical coupler 
which divides the first optical signal into a plurality of first 
optical signals, a plurality of input/output ports, each of 
which outputs one of the plurality of first optical signals 
divided by the first optical coupler to one of the sub units 
through one of the optical fibers and inputs the second 
optical signal from one of the sub units through one of the 
optical fibers,, an output port which outputs the second 
optical signal, a second optical coupler, provided between 
the electro-optical converter and the first optical coupler or 
between the first optical coupler and the input/output ports, 
which provides the first optical signal to the input/output 
ports and the second optical signal to the output port, an 
opto-electric converter which converts the second optical 
signal output from the output port to a second electric signal, 
and an electric signal output terminal which outputs the 
second electric signal. 

[0028] An optical transmission system can be provided 
which further has a plurality of the output ports, a plurality 
of the second optical couplers, each of which is provided 
between the first optical coupler and one of the input/output 
ports, a plurality of the opto-electric converters, each of 
which is provided for one of a plurality of the output ports, 
and a electric signal multiplexer which multiplexes a plu- 
rality of the second electric signals output from a plurality of 
the opto-electric converters and outputs the multiplexed 
second electric signal to the electric signal output terminal. 

[0029] An optical transmission system can be provided 
such that each of the second optical couplers provides one of 
the second optical signals to one of the plurality of output 
ports, each of the plurality of output ports outputs one of the 
second optical signals, and each of the opto-electric con- 
verters converts one of the second optical signals to the 
second electric signal. 

[0030] An optical transmission system can be provided 
such that the second optical coupler is provided between the 
electro -optical converter and the first optical coupler, the 
first optical coupler further multiplexes a plurality of the 
second optical signals and provides the second optical signal 
to the second optical coupler, and the second optical coupler 
provides the first optical signal input from the electro-optical 
converter to the first optical coupler and provides the second 
optical signal multiplexed by the first optical coupler to the 
output port. 

[0031] An optical transmission system can be provided 
such that the second optical coupler is a wavelength division 
multiplex optical coupler that selects an optical signal, a 
wavelength of which has a prescribed relationship with a 
wavelength of the second optical signal, from optical signals 
input to the second optical coupler and outputs the selected 
optical signal to the output port. 

[0032] An optical transmission system can be provided 
such that the sub unit has a sub unit input/output terminal 
which inputs the first optical signal from the main unit 
through the optical fiber, an opto-electric converter which 



inputs the first optical signal and converts the first optical 
signal to the third electric signal, an antenna which outputs 
the third electric signal and inputs the fourth electric signal, 
an electro -optical converter which converts the fourth elec- 
tric signal to the second optical signal, and a wavelength 
division multiplex optical coupler which provides the first 
optical signal to the opto-electric converter and the second 
optical signal to the sub unit input/output terminal. 

[0033] An optical transmission system can be provided 
such that each of the input/output port and the output port 
has an optical connector adapter that mounts an optical fiber 
in such a way as capable of attaching and removing the 
optical fiber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 shows a wavelength division multiplex 
optical coupler of the conventional art. 

[0035] FIG. 2 shows a one-way direction wavelength 
division multiplex optical communication realized by the 
wavelength division multiplex method. 

[0036] FIG. 3 shows a two-way direction wavelength 
division multiplex optical communication realized by the 
wavelength division multiplex method. 

[0037] FIG. 4 shows an optical transmission system 
according to the first embodiments of the present invention. 

[0038] FIG. 5 shows the wavelength division multiplex 
optical star coupler 14 according to the first embodiments of 
the present invention. 

[0039] FIG. 6 shows an optical transmission system 
according to the second embodiments of the present inven- 
tion. 

[0040] FIG. 7 shows the wavelength division multiplex 
optical star coupler 14 according to the second embodiments 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The present invention will be explained using 
embodiments of the present invention. The following 
embodiments, however, do not limit the scope of the present 
invention described in the claims. Moreover, not all the 
features or their combinations described in the embodiments 
are necessarily essential for the present invention. 

[0042] FIG. 4 shows an optical transmission system 
according to the first embodiments of the present invention. 
The optical transmission system comprises a main unit 28, 
which is one example of a communication station, four sub 
units 30a, 30b, 30c, and 30a\ and four optical fibers 48a, 
486, 48c, and 48a". 

[0043] The main unit 28 inputs the first electric signal El 
and outputs a plurality of the first optical signals XI, and 
inputs a plurality of the second optical signals X2a, X26, X2c, 
and %2d and outputs the second electric signal E2. 

[0044] Each of the sub units 30a, 306, 30c, and 30a* inputs 
the first optical signal XI from main unit 28 and outputs the 
third electric signal E3 to the outside of the optical trans- 
mission system and inputs the fourth electric signal E4a, 
E46, E4c, and E4a* from the outside of the optical transmis- 
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sion system and provides the second optical signals X2a, 
X26, X2c, and I2d to the main unit 28. 

[0045] Each of the optical fibers 48a, 486, 48c, and 48d 
connects the main unit 28 with each of the sub units 30a, 
306, 30c, and 30a*. Each of the optical fibers 48a, 486, 48c, 
and 48d is a two-way optical fiber used for both transmitting 
and receiving. 

[0046] Each of the first optical signals XI distributed by 
the main unit 28 has substantially the same wavelength. For 
example, the wavelength of all of the first optical signals XI 
is 1310 nm band. The second optical signals X2a, X26, X2c, 
and X2a*, which are output from each of the sub units 30a, 
306, 30c, and 30a* to the main unit 28, have a wavelength of, 
for example, a 1550 nm band. 

[0047] The main unit 28 has an electric signal input 
terminal 20 that inputs the first electric signal El, an 
amplifier 18 that amplifies the first electric signal El, an 
electro -optical converter 16 that converts the first electric 
signal El to the first optical signal XI, a wavelength division 
multiplex optical star coupler 14 that divides the first optical 
signal XI and outputs the divided first optical signal XI, a 
plurality of optical-electro converters 22a, 22b t 22c, and 22d 
that converts each of the second optical signals X2a, X26, 
X2c, and X2 d to electric signals E2a, E26, E2c, and E2d, an 
electric signal multiplexer 50 that multiplexes the plurality 
of the second electric signals E2a, E26, E2c, and E2d t an 
amplifier 24 that amplifies the multiplexed second electric 
signal E2, and an electric signal output terminal 26 that 
outputs the multiplexed second electric signal E2. 

[0048] When using the optical transmission system of the 
present invention for mobile radio communication, the main 
unit 28 is connected to a radio modulator-demodulator 
equipment. The electric signal input terminal 20 is con- 
nected to the transmit port of the radio modulator-demodu- 
lator equipment, and the electric signal output terminal 26 is 
connected to the receiving port of the radio modulator- 
demodulator equipment. 

[0049] The first optical signal El is input from the radio 
modulator-demodulator equipment to the electric signal 
input terminal 20. The first optical signal El input to the 
main unit 28 is amplified to the suitable level by the 
amplifier 18. The amplified first optical signal El, which is 
an analog signal, is converted to the first optical signal XI, 
which is also an analog signal, by the electro -optical con- 
verter 16. The converted first optical signal XI is divided into 
four first optical signals XI by the wavelength division 
multiplex optical star coupler 14. Each of the divided first 
optical signals XI is output to the sub units 30a, 306, 30c, 
and 30d through the optical fibers 48a, 48b, 48c, and 48a". 

[0050] Each of the second optical signals X2a, X26, X2c, 
and X2^ is input from the sub units 30a, 306, 30c, and 30a" 
to the main unit 28 through the optical fibers 48a, 48b, 48c, 
and 48d. The second optical signals X2a, X26, X2c, and X2d 
are input to the wavelength division multiplex optical star 
coupler 14. The wavelength division multiplex optical star 
coupler 14 outputs each of the second optical signals X2a, 
X26, X2c, and X2o* to the opto -electric converters 22a, 22b, 
22c, and 22a*. Each of the second optical signals X2a, X26, 
X2c, and X2d are converted to the second electric signal E2a, 
E26, E2c, and E2d by the opto-electric converters 22a, 22b, 
22c, and 22d. The converted second electric signals E2a, 



E26, E2c, and E2d are multiplexed by the electric signal 
multiplexer 50 and the multiplexed signal is output to the 
amplifier 24 as the second electric signal E2. The multi- 
plexed second electric signal E2 is amplified by the amplifier 
24 and is output to the electric signal output terminal 26. 

[0051] The sub unit 30a has a sub unit input/output 
terminal P10a that inputs the first optical signal XI, an 
opto-electric converter 34a that converts the first optical 
signal XI to the third electric signal E3, an amplifier 36a that 
amplifies the third electric signal E3, an antenna common 
unit 40a that provides the third electric signal E3 to the 
antenna 46a, an antenna 46a that outputs the third electric 
signal E3 to the outside of the optical transmission system, 
an amplifier 42a that amplifies the fourth electric signal E4, 
an electro-optical converter 44a that converts the fourth 
electric signal E4 to the second optical signal X2a, and a 
wavelength division multiplex optical coupler 32a that pro- 
vides the first optical signal XI to the opto-electric converter 
34a and provides the second optical signal X2a to the sub 
unit input/output terminal P10a. Each of the sub units 306, 
30c, and 30d has the same composition with the sub unit 
30a. 

[0052] The first optical signal XI is input from the main 
unit 28 through the optical fiber 48a to the sub unit input/ 
output terminal P10a. The first optical signal XI is passed 
through the wavelength division multiplex optical coupler 
32a and provided to the opto-electric converter 34a. The first 
optical signal XI is converted to the third electric signal E3 
by the opto-electric converter 34a. The converted third 
electric signal E3 is provided to the amplifier 36a and 
amplified to the suitable level by the amplifier 36a. The 
amplified third electric signal E3 is provided to the antenna 
46a by the antenna common unit 40a and output to the 
outside of the optical transmission system. 

[0053] The fourth electric signal E4a is caught by the 
antenna 46a from the outside of the optical transmission 
system. The fourth electric signal E4a caught by the antenna 
46a is provided to the amplifier 42a by the antenna common 
unit 40a. The fourth electric signal E4a is amplified by the 
amplifier 42a and provided to the opto-electric converter 
44a. The fourth electric signal E4a, which is an analog 
signal, is converted to the second optical signal X2a, which 
is also an analog signal, by the electro-optical converter 44a. 
The second optical signal X2a is provided to the sub unit 
input/output terminal P10a by the wavelength division mul- 
tiplex optical coupler 32a and is output to the main unit 28 
through the optical fiber 48a, Each of the sub units 306, 30c, 
and 30d operates the same way as the sub unit 30a. 

[0054] FIG. 5 shows the wavelength division multiplex 
optical star coupler 14 according to the first embodiments of 
the present invention. The wavelength division multiplex 
optical star coupler 14 has an input port PI that inputs the 
first optical signal XI, an optical star coupler 12 that divides 
the first optical signal XI into four first optical signals XI, 
four input/output ports P2, P3, P4, and P5, each of which 
outputs the divided first optical signals XI, four output ports 
P6, P7, P8, and P9, each of which outputs the second optical 
signals X2o\ X2c, X26, and X2a, four wavelength division 
multiplex optical couplers 10a, 106, 10c, and lOd that are 
provided between the optical star coupler 12 and the input/ 
output ports P2, P3, P4, and P5 for each of the divided first 
optical signals XI, and a housing 60 that contains the 
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components shown above. Each of the input port PI, the 
input/output ports P2, P3, P4, and P5, and the output ports 
P6, P7, P8, and P9 has an optical connector adapter that 
mounts an optical fiber in such a way as capable of attaching 
and removing the optical fiber. 

[0055] The first optical signal XI is input to the input port 
PI from the electro-optical converter 16. The first optical 
signal XI is input to the optical star coupler 12 from the input 
port PI. The first optical signal XI is divided into four first 
optical signals XI by the optical star coupler 12. Each of the 
divided first optical signals XI is passed through the wave- 
length division multiplex optical couplers 10a, 106, 10c, and 
lOd and is provided to the input/output ports P2, P3, P4, and 
P5. 

[0056] Each of the second optical signals X2a, X26, X2c, 
and X2d is input to the input/output ports P2, P3, P4, and P5. 
Each of the second optical signals X2a, X26, X2c, and X2d 
input from the input/output ports P2, P3, P4, and P5 is output 
to the output ports P9, P8, P7, and P6 by the wavelength 
division multiplex optical couplers 10a, 106, 10c, and 10d. 
Each of the wavelength division multiplex optical couplers 
10a, 10b, 10c, and lOd selects an optical signal having the 
same wavelength with the wavelength of the second optical 
signals X2a, X26, X2c, and X2d from an input optical signals 
and outputs the selected optical signal to the output ports P9, 
P8, P7, and P6. 

[0057] FIG. 6 shows the optical transmission system 
according to the second embodiments of the present inven- 
tion. Because the optical star coupler 12 works bidirection- 
ally, the optical star coupler is not only used for distributing 
the light, but also used as a light multiplexer which multi- 
plexes the optical signals output from the different light 
sources. By using the property of the light multiplexer of the 
optical star coupler 12, the second embodiments can be 
composed. The second embodiments have the same com- 
position as the first embodiments except the main unit 70, 
which is one example of a communication station. There- 
fore, the composition and the operation of the main unit 70 
will be described. 

[0058] The main unit 70 has an electric signal input 
terminal 20 that inputs the first electric signal El, an 
amplifier 18 that amplifies the first electric signal El, an 
electro-optical converter 16 that converts the first electric 
signal El to the first optical signal XI, a wavelength division 
multiplex optical star coupler 15 that divides the first optical 
signal XI and outputs the divided first optical signals XI, an 
optical-electro converter 22 that converts the second optical 
signal X2 to the second electric signal E2, an amplifier 24 
that amplify the second electric signal E2, and an electric 
signal output terminal 26 that outputs the second electric 
signal E2. 

[0059] The first optical signal El input to the main unit 70 
through the electric signal input terminal 20 is amplified by 
the amplifier 18. The amplified first optical signal El is 
converted to the first optical signal XI by the electro -optical 
converter 16. The converted first optical signals XI is 
divided into four first optical signals XI by the wavelength 
division multiplex optical star coupler 15. The divided first 
optical signals XI are output to the sub units 30a, 30b, 30c, 
and 30a" through each of the optical fibers 48a, 486, 48c, and 
4Sd 

[0060] The second optical signals X2a, X26, X2c, and X2d 
input from each of the sub units 30a, 306, 30c, and 30d to 



the main unit 70 are input to the wavelength division 
multiplex optical star coupler 15. The wavelength division 
multiplex optical star coupler 15 multiplexes the second 
optical signals X2a, X26, X2c, and X2a* and outputs the 
multiplexed second optical signal X2 to the opto-electric 
converter 22. The second optical signal X2 is converted to 
the second electric signal E2 by the opto-electric converter 
22 and output to the amplifier 24. The multiplexed second 
electric signal E2 is equivalent to the multiplexed signal of 
the fourth electric signals E4a, E46, E4c, and E4a* caught by 
the antenna 46a, 466, 46c, and 46a*. The second electric 
signal E2 is amplified by the amplifier 24 to the suitable 
level and is output to the electric signal output terminal 26. 

[0061] FIG. 7 shows the wavelength division multiplex 
optical star coupler 15 according to the second embodiments 
of the present invention. The wavelength division multiplex 
optical star coupler 15 has an input port PI that inputs the 
first optical signal XI, an optical star coupler 12 that divides 
the first optical signal XI into four first optical signals XI, 
four input/output ports P2, P3, P4, and PS, each of which 
outputs the divided first optical signals XI, an output port Pn 
that outputs the second optical signal X2, a wavelength 
division multiplex optical coupler 10 that is provided 
between the optical star coupler 12 and the input port PI, and 
a housing 60 that contains the components shown above. 
Each of the input port PI, the input/output ports P2, P3, P4, 
and PS, and the output ports P6, P7, P8, and P9 has an 
optical connector adapter that mounts an optical fiber in such 
a way as capable of attaching and removing the optical fiber. 

[0062] The first optical signal XI is input to the input port 
PI from the electro-optical converter 16. The first optical 
signal XI is passed through the wavelength division multi- 
plex optical coupler 10 and is provided to the optical star 
coupler 12. The optical star coupler 12 divides the first 
optical signal XI into four first optical signals XI. Each of the 
divided first optical signals XI is provided to the input/ 
output ports P2, P3, P4, and P5. 

[0063] The second optical signals X2a, X26, X2c, and X2a* 
are input from the each of input/output ports P2, P3, P4, and 
P5. The optical star coupler 12 multiplexes the second 
optical signals X2a, X26, X2c, and X2a' and outputs to the 
wavelength division multiplex optical coupler 10. The opti- 
cal star coupler 12 is a wide band star coupler. The multi- 
plexed second optical signal X2 is provided to the output port 
Pn by the wavelength division multiplex optical coupler 10. 
The wavelength division multiplex optical coupler 10 selects 
an optical signal having the same wavelength as the multi- 
plexed second optical signal X2 from input optical signals 
and outputs the selected optical signal to the output port Pn. 

[0064] The first embodiment of the optical transmission 
system does not need the means of avoiding the beat noise, 
which will be described later. The second embodiment of the 
optical transmission system has the advantage that only one 
wavelength division multiplex optical coupler is required, 
and the electric signal multiplexer 50 is not necessary. 

[0065] Especially, the second embodiment is efficient 
when the beat noise can be essentially ignored. The case that 
the beat noise can be ignored is shown in the article such as 
Y. Tarusawa et.al., "C/N Improved Analog Optic-Fiber 
Transmission by Wavelength Offset Combining.", Proc. 
IEICE Fall Conf.'93, B336(1993), Y. Shinoda et.al., "A 
quantitative estimation of beat noise for optical passive 
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network.", Proc. IEICE Fall Conf/93, B-851(1993), and Y 
Shinoda et.aL, "A quantitative study on beat noise as a 
function of wavelength space in Optical Passive Network.", 
Proc. IEICE Spring Conf/94, B-1123(1994). 

[0066] The beat noise is caused by the slight difference in 
the wavelength of the optical signals. The small difference in 
the wavelength can be generated when a multiplexed optical 
signal is converted to an electric signal. The small difference 
in the wavelength can be also generated by the non-linearity 
of a light-receiving element. 

[0067] The second optical signals 12a, \2b, 12c, and 12d 
are an electromagnetic wave. The photo diode, which is used 
as the circuit element of the opto-electric converter 22, has 
a non-linearity. When receiving more than two optical 
signals having different wavelength, the beat noise is gen- 
erated in the frequency band of the electric signal corre- 
sponding to the difference in wavelength of the optical 
signals because of the non-linearity of the photo diode. 
Therefore, it is necessary to shift the frequency band of the 
beat noise out of the frequency band of the electric signal 
used in communication. 

[0068] There are several ways to shift the frequency band 
of the beat noise from the frequency band used in commu- 
nication. One method is to make the wavelength of the 
second optical signals 12a, 12b, 12c, and 12d different with 
each other by the prescribed amount so that the frequency 
band of the electric signal corresponding to the difference of 
the wavelengths to be out of the frequency band used in 
communication. 

[0069] In both the first and second embodiments, the 
wavelength division multiplex optical star coupler 14 and 15 
can be manufactured by connecting the optical star coupler 
12 to the wavelength division multiplex optical couplers 10, 
which are the independent optical parts, as shown in FIG. 5 
and FIG. 7. Generally, the input/output parts of the optical 
star coupler 12 and the wavelength division multiplex opti- 
cal coupler 10 are often composed of the optical fiber strands 
with 250 fim of outward diameter. Therefore, in order to 
pack the independent optical parts inside the equipment, the 
optical fiber strands have to be packed inside the equipment 
without breaking the optical fiber strands by considering the 
curvature of the optical fiber strands. 

[0070] This problem can be solved by packing the wave- 
length division multiplex optical star coupler 14 or 15 inside 
the housing 60. The optical fiber strands are also packed 
inside the housing 60. Furthermore, an optical connector 
adapter is provided for each of the input/output ports P2, P3, 
P4, and P5, the output ports P6, P7, P8, and P9 or Pn, and 
the input port PI. The optical connector adapter mounts an 
optical fiber in such a way as capable of attaching and 
removing the optical fiber. The optical connector adapter is 
attached to the housing 60. Because the wavelength division 
multiplex optical star coupler 14 or 15 can be handled as a 
single unit, the work of packing the optical fiber can be 
minimized, and thus the working performance of assembling 
the equipment can be improved. 

[0071] The wavelength division multiplex optical star 
coupler 14 or 15 can be handled as a single unit by 
composing the parts of the wavelength division multiplex 
optical star coupler 14 or 15, such as the optical star coupler 
12 and the wavelength division multiplex optical coupler 10, 
on the same substrate as a single unit. Furthermore, the 
wavelength division multiplex optical star coupler 14 and 15 
can be easily manufactured by using niobic lithium, 



LiNb0 3 , as a material of the substrate. The wavelength 
division multiplex optical star coupler 14 and 15 can be 
easily manufactured by using a conventional optical fiber 
fusion optical coupler or a conventional waveguide optical 
coupler for the optical star coupler 12 and the wavelength 
division multiplex optical coupler 10. 

[0072] Although the present invention has been described 
by reference to specific embodiments, the scope of the 
present invention is not limited to these embodiments. Those 
skilled in the art can make various modifications and 
improvements to these embodiments of the present inven- 
tion. It is clear from the appended claims that such modi- 
fications or improvements are also covered by the scope of 
the present invention. 

What is claimed is: 

1. A wavelength division multiplex optical star coupler 
comprising: 

an input port which inputs a first optical signal; 

a first optical coupler which divides said first optical 
signal input from said input port into a plurality of first 
optical signals; 

a plurality of input/output ports, each of which outputs 
one of said plurality of first optical signals divided by 
said first optical coupler and inputs a second optical 
signal; 

an output port which outputs said second optical signal; 
and 

a second optical coupler, provided between said input port 
and said first optical coupler or between said first 
optical coupler and said input/output ports, which pro- 
vides said first optical signal to said input/output ports 
and said second optical signal to said output port. 

2. A wavelength division multiplex optical star coupler as 
claimed in claim 1 having a plurality of said output ports and 
a plurality of said second optical couplers, each of which is 
provided between said first optical coupler and one of said 
input/output ports, wherein: 

each of said second optical couplers provides one of said 
second optical signals to one of said plurality of output 
ports; and 

each of said plurality of output ports outputs one of said 
second optical signals, 

3. A wavelength division multiplex optical star coupler as 
claimed in claim 1, wherein said second optical coupler is 
provided between said input port and said first optical 
coupler; 

said first optical coupler further multiplexes a plurality of 
said second optical signals and provides said second 
optical signal to said second optical coupler; and 

said second optical coupler provides said first optical 
signal input from said input port to said first optical 
coupler and provides said second optical signal multi- 
plexed by said first optical coupler to said output port. 

4. A wavelength division multiplex optical star coupler as 
claimed in any of claims 1 through 3, wherein said second 
optical coupler is a wavelength division multiplex optical 
coupler that selects an optical signal, a wavelength of which 
has a prescribed relationship with a wavelength of said 
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second optical signal, from optical signals input to said 
second optical coupler and outputs said selected optical 
signal to said output port. 

5. A wavelength division multiplex optical star coupler as 
claimed in any of claims 1 through 4, wherein each of said 
input port, said input/output port, and said output port 
having an optical connector adapter that mounts an optical 
fiber in such a way as capable of attaching and removing 
said optical fiber. 

6. A communication station comprising: 

an electro-optical converter which inputs an electric sig- 
nal and converts said electric signal to a first optical 
signal; 

a first optical coupler which divides said first optical 
signal into a plurality of first optical signals; 

a plurality of input/output ports, each of which outputs 
one of said plurality of first optical signals divided by 
said first optical coupler and inputs a second optical 
signal; 

an output port which outputs said second optical signal; 

a second optical coupler, provided between said electro- 
optical converter and said first optical coupler or 
between said first optical coupler and said input/output 
ports, which provides said first optical signal to said 
input/output ports and said second optical signal to said 
output port; 

an opto -electric converter which converts said second 
optical signal output from said output port to a second 
electric signal; and 

an electric signal output terminal which outputs said 
second electric signal. 

7. A communication station as claimed in claim 6 having: 

a plurality of said output ports, 

a plurality of said second optical couplers, each of which 
is provided between said first optical coupler and one of 
said input/output ports, 

a plurality of said opto-electric converters, each of which 
is provided for one of a plurality of said output ports, 
and 

an electric signal multiplexer which multiplexes a plural- 
ity of said second electric signals output from a plu- 
rality of said opto-electric converters and outputs said 
multiplexed second electric signal to said electric signal 
output terminal, wherein: 

each of said second optical couplers provides one of said 
second optical signals to one of said plurality of output 
ports; 

each of said plurality of output ports outputs one of said 
second optical signals; and 

each of said plurality of opto-electric converters converts 
one of said second optical signals to said second 
electric signal. 

8. A communication station as claimed in claim 6, 
wherein said second optical coupler is provided between 
said electro -optical converter and said first optical coupler; 

said first optical coupler further multiplexes a plurality of 
said second optical signals and provides said second 
optical signal to said second optical coupler; and 



said second optical coupler provides said first optical 
signal input from said electro-optical converter to said 
first optical coupler and provides said second optical 
signal multiplexed by said first optical coupler to said 
output port. 

9. A communication station as claimed in any of claims 6 
through 8, wherein said second optical coupler is a wave- 
length division multiplex optical coupler that selects an 
optical signal, which has a wavelength having a prescribed 
relationship with wavelength of said second optical signal, 
from optical signals input to said second optical coupler and 
outputs said selected optical signal to said output port. 

10. A communication station as claimed in any of claims 
6 through 9, wherein each of said input/output port and said 
output port having an optical connector adapter that mounts 
an optical fiber in such a way as capable of attaching and 
removing said optical fiber. 

11. An optical transmission system comprising: 

a main unit which inputs a first electric signal and outputs 
a plurality of first optical signals, and inputs a second 
optical signal and outputs a second electric signal; 

a plurality of sub units, each of which inputs one of said 
plurality of first optical signals from said main unit and 
outputs a third electric signal, and inputs a fourth 
electric signal and provides said second optical signal 
to said main unit; and 

a plurality of optical fibers, each of which connects said 
main unit and said plurality of sub units, 

wherein said main unit has: 

an electro-optical converter which inputs said first electric 
signal and converts said first electric signal to a first 
optical signal; 

a first optical coupler which divides said first optical 
signal into a plurality of first optical signals; 

a plurality of input/output ports, each of which outputs 
one of said plurality of first optical signals divided by 
said first optical coupler to one of said sub units through 
one of said optical fibers and inputs said second optical 
signal from one of said sub units through one of said 
optical fibers; 

an output port which outputs said second optical signal; 

a second optical coupler, provided between said electro- 
optical converter and said first optical coupler or 
between said first optical coupler and said input/output 
ports, which provides said first optical signal to said 
input/output ports and said second optical signal to said 
output port; 

an opto-electric converter which converts said second 
optical signal output from said output port to a second 
electric signal; and 

an electric signal output terminal which outputs said 
second electric signal. 

12. An optical transmission system as claimed in claim 11 
having: 

a plurality of said output ports, 

a plurality of said second optical couplers, each of which 
is provided between said first optical coupler and one of 
said input/output ports, 
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a plurality of said opto-electric converters, each of which 
is provided for one of a plurality of said output ports, 
and 

a electric signal multiplexer which multiplexes a plurality 
of said second electric signals output from a plurality of 
said opto-electric converters and outputs said multi- 
plexed second electric signal to said electric signal 
output terminal, wherein: 

each of said second optical couplers provides one of said 
second optical signals to one of said plurality of output 
ports; 

each of said plurality of output ports outputs one of said 
second optical signals; and 

each of said opto-electric converters converts one of said 
second optical signals to said second electric signal. 

13. An optical transmission system as claimed in claim 11, 
wherein said second optical coupler is provided between 
said electro-optical converter and said first optical coupler; 

said first optical coupler further multiplexes a plurality of 
said second optical signals and provides said second 
optical signal to said second optical coupler; and 

said second optical coupler provides said first optical 
signal input from said electro-optical converter to said 
first optical coupler and provides said second optical 
signal multiplexed by said first optical coupler to said 
output port, 

14. An optical transmission system as claimed in any of 
claims 11 through 13, wherein said second optical coupler is 



a wavelength division multiplex optical coupler that selects 
a optical signal, a wavelength of which has a prescribed 
relationship with a wavelength of said second optical signal, 
from optical signals input to said second optical coupler and 
outputs said selected optical signal to said output port. 

15. An optical transmission system as claimed in any of 
claims 11 through 14, wherein said sub unit has: 

a sub unit input/output terminal which inputs said first 
optical signal from said main unit through said optical 
fiber; 

an opto-electric converter which inputs said first optical 
signal and converts said first optical signal to said third 
electric signal; 

an antenna which outputs said third electric signal and 
inputs said fourth electric signal; 

an electro -optical converter which converts said fourth 
electric signal to said second optical signal; and 

a wavelength division multiplex optical coupler which 
provides said first optical signal to said opto-electric 
converter and said second optical signal to said sub unit 
input/output terminal. 

16. An optical transmission system as claimed in any of 
claims 11 through 15, wherein each of said input/output port 
and said output port having an optical connector adapter that 
mounts an optical fiber in such a way as capable of attaching 
and removing said optical fiber. 

***** 
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